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W e considerthe possible role ofrescattering eectsin the determ ination ofthegluon density
fortheLHC from D IS data.W ediscussa m ethod thatusesresultsofs-channelcalculationsto
estim ate these eects,and com m enton potentialapplicationsto diractive and m ulti-parton
interactions.
The Large Hadron Collider willoperate with very high gluon lum inosities. Production
processes initiated by gluons contribute a great m any events to a num ber ofcross sections of
prim ary interest for the LHC physics program . Reliable predictions for these cross sections
depend on the determ ination ofthe gluon density in the proton and its accuracy.1;2;3;4;5 As
parton lum inositiesrise steeply fordecreasing m om entum fraction x,a large num berofevents
sam ple the gluon density atx  1.
It has long been known that the theoreticalaccuracy ofgluon-density determ inations for
x  1 isaected by higher-loop ln(1=x)correctionsto Q CD evolution equations.Seee.g.Ref.6
forearly num ericalinvestigations.Thestudy ofthesecorrectionsm otivatescurrentsearchesfor
evolution schem es(see Refs.7;8;9,and referencestherein)thatincorporate the resum m ation of
ln(1=x)contributionsatthenext-to-leading-logarithm icaccuracy.10;11 An im proved theoretical
controlon thex  1 region isexpected from the inclusion ofthese term s.
BecausetheDIS data used atpresentto extractthegluon density forx < 10  2 do nothave
very high Q 2,itisnaturalto ask whethernon-negligibleeectson thetheoreticalaccuracy m ay
also com efrom correctionsthataresuppressed by powersof1=Q 2 butarepotentially enhanced
as x ! 0. These could aect the determ ination ofthe gluon density fg prim arily through a













Here Pqg is the perturbative gluon-to-quark evolution kernel,and the correction  arises from
m ulti-parton correlation term sin the operatorproductexpansion,








(4)+ ::: : (2)
The enhanced x ! 0 behavior in Eq.(1) can be produced from graphs with m ultiple gluon
scatterings,and isconsistentwith observationsofapproxim ategeom etricscalingin low-x data12
and with m odelsforsaturation.13;14;15
Standard m ethods to take account ofm ultiple scatterings are s-channelm ethods (see e.g.
thelecturesin Ref.15),essentially orthogonalto thoseoftheparton picture.Thebasicdegrees
offreedom in thes-channelpicturearedescribed by correlatorsofeikonalW ilson lines| atthe
sim plest level,two-point correlators,interpretable as color dipoles. To identify the correction
a
Talk presented atthe XLIIRencontresde M oriond (La Thuile,M arch 2007).
from rescattering graphs to the parton result in Eq.(1),a suciently precise \dictionary" is
needed to connectthe two pictures.Ref.16 presentsan approach to analyze thisconnection.
Them ethod isbased on constructingexplicitly an s-channelrepresentation fortherenorm al-
ized parton distribution function in term sofW ilson-linem atrix elem ents,convoluted with light-






db u(;z)(z;b) ; (3)






Trf1  Vy(b+ z=2)V (b  z=2)gjP i ;
















z is the transverse separation between the eikonallines,b is the im pact param eter,and the
function u(;z) is evaluated explicitly in Ref.16 at one loop using the M S schem e for the
renorm alization ofthe ultravioletdivergencesz ! 0.
Therepresentation (3),onceevaluated in awell-prescribed renorm alization schem e,isthekey
ingredientthatallowsoneto relate16;17 resultsofs-channelcalculationsforstructurefunctions
to the O PE factorization (2),and,in particular,to identify the power-suppressed corrections
arising from them ultiplegluon scatterings,treated in thehigh-energy approxim ation ofEq.(4).

















wheretherstterm in therighthand sideistheleading-powerparton result,and the2 in the










db (z;b) : (6)
The coecients R n are evaluated to order s,as functions ofx and lnQ
2,from the lightcone
wave functions,while the m om ents 2(n)are dim ensionfulnonperturbative param eters,to be
determ ined from com parison with experim entaldata.
In practice,theusefulnessoftheresultin Eqs.(5),(6)com esfrom thefactthatthehadronic
m atrix elem ent can be related by a short-distance expansion forz ! 0 to a well-prescribed
integralofthe gluon distribution function 16. Then the m om ents 2 can be param eterized in
term softhefactorization/renorm alization scalesatwhich thegluon distribution and thestrong
coupling areevaluated.Thesescalesareto betaken oftheorderoftheinversem ean transverse
distance1=jzj,and can betuned to thedata.Theresultofdoing thisforF2 data
18 atboth low
and high Q 2 isshown in Fig.1 in thelefthand sideplot.17 Thecorresponding powercorrection
in Eq.(5)isplotted on the righthand side ofFig.1. Here we show the correction norm alized
to thefullanswerand m ultiplied by   1,using CTEQ parton distributions.19
Fig.1indicatesthatwith physically naturalchoicesoftheparam etersin thenonperturbative
m atrix elem ents(4)onecan achieve a sensibledescription ofdata forx < 10  2 in a widerange
ofQ 2 and stillhave m oderate power corrections to dF2=dlnQ
2. Corrections turn out to be
negativeand below 20 % forx > 10
  4 and Q 2 > 1 G eV
2.However,Fig.1 also indicatesthatfor
sm allx thecorrectionsfallo slowly in theregion ofm edium Q 2,Q 2 ’ 1  10 G eV2,behaving
eectively like 1=Q  with  close to 1.17 Forinstance,one has ’ 1:2 forthe curve x = 10  3
Figure 1:(left)The resultoftting the 
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in the right-hand side plot ofFig.1. As a consequence ofthe slowly decreasing behavior,the
power corrections stay on the order of10% up to Q 2 ofa few G eV 2 for x < 10
  3. This slow
fall-o diersfrom param eterizationsofhighertwistcom m only used in globalanalyses(seee.g.
Ref.3),and m ay berelevantforphenom enology asitaectsthem edium Q 2 region ofthedata
used to extractfg atlow x.
Correctionslargerthan forF2 arefound forthelongitudinalcom ponentFL.
17 Thisprovides
additionalm otivation forthe forthcom ing FL m easurem ents
20,aswellasts21 investigating
power-like term sin FL (atboth high and low x).W e observe also thatFig.1 isobtained using
NLO parton distributions,and the decrease in the low-x gluon atNNLO 2 could be consistent
with the possibility that NNLO parton distributions correspond to sm aller power corrections.
However,the detailed interpretation ofthis behavior willbe subtle,as distinctly dierent dy-
nam icsdrive thepower-like and NNLO eects,unlike thehigh-x case in the analyses3;22.
It is worth em phasizing that the above results depend on the validity ofthe high-energy
approxim ation and s-channelrepresentation (3),and the perturbation expansion for u(;z).
The rationale for this expansion lies with the dynam icalcut-o on large distances z im posed
by unitarity requirem ents(\black disc" lim it)on the correlator.14;15;16 Butthe size ofthis
cut-o at collider energies is dicult to determ ine. The highest sensitivity to it m ay com e
from m easurem ents ofthe diractive part ofthe DIS cross section.23;24;25 In this case the
s-channelrepresentation isbilinearin .Thecom parison 26 ofdiractive data with theoretical
predictionsbased on diractive parton distributionsindicatesthatthedynam icalcut-o liesat
substantially higherm om enta forcolor-octeteikonal-line m atrix elem entsthan forcolor-triplet.
That is,gluons’shadow is stronger. See e.g. Ref.27 for a recent discussion. In diractive
DIS thiscan be linked23;28 to the distinctive pattern ofthe observed scaling violation24 and
detailed featuresoftheassociated jetdistributions.25;29;30 M oregenerally,itsuggeststhatthe
expansion used is betterjustied forprocessesdirectly coupled to the gluon distribution than
forF2,seee.g.applicationsto FL (oritsdiractivecom ponent
31)and jetnalstates.A critical
discussion,including the quark case,isgiven in Ref.16.
Note thatthequestion ofhow to perform Q CD calculationsthatincorporatem ultiple scat-
terings along with perturbative evolution becom es especially com pelling in the case ofM onte
Carlo eventgenerators32. The application considered above dealswith correctionsto Q 2 evo-
lution,i.e.,a picture based on strongly ordered k? ’s. But the m ethod relies on high-energy
approxim ationsthatm ay be bettersuited forextension to evolution with ordering in energies,
or angles. It could thus m ore likely be adapted to the m odeling ofm ultiparton processes in
M onte Carlo generators33;34 based on high-energy evolution equations.
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